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Introduction
Vascular calcification is frequently seen in patients with end-stage kidney disease, and is responsible for the morbidity and mortality in end-stage renal failure [1] [2] [3] [4] . Arterial calcification comprises two pathophysiologically distinct disorders: medial calcification (Moenckeberg's arteriosclerosis) and intimal (atherosclerotic) calcification [4, 5] . The incidence of medial calcification is markedly increased in patients with higher age, chronic kidney disease and diabetes [4] [5] [6] . While serum calcium and phosphate concentrations have been reported to correlate with the progression of vascular calcification in dialysis patients [7] [8] [9] , they only partly account for vascular calcification. We previously reported that medial calcification of the hand arteries in hemodialysis patients is advanced in patients with higher age, longer hemodialysis duration, poor glycemic control, and increased inflammatory state [10, 11] . Although some studies have reported associations between bone loss and vascular calcification [12] [13] [14] [15] [16] [17] , little is also known about the relationship between bone metabolism markers and vascular calcification, particularly in patients with end-stage renal disease. Recently, the role of alkaline phosphate as an inducer of vascular calcification in renal failure has been demonstrated [18] . Alkaline phosphatase hydrolyzes pyrophosphate, which is a potent inhibitor of vascular calcification [18, 19] . Serum alkaline phosphatase has been reported to predict mortality among hemodialysis patients [20, 21] . While most of these studies examined alkaline phosphatase, little is known about bone-specific alkaline phosphatase (BAP) in relation to vascular calcification. In the present study, we hypothesized that bone turnover markers, in particular, bone specific-alkaline phosphatase, could be associated with vascular calcification and related to vascular calcification in hemodialysis patients.
Patients and Methods
Patients
One hundred and sixty seven male hemodialysis patients (age 59.8 ±11.8 years; hemodialysis duration 5.7 ± 2.9 years), who had been maintained on stable hemodialysis for more than 3 months at Shirasagi Hospital, Osaka, Japan, were enrolled in the present study after providing written informed consent . In our study protocol, only men were included in order to avoid the influence of the menstrual cycle and menopause on bone metabolism and to ignore possible gender differences among the bone markers. All patients were free of significant acute illness. They had no past history of fracture or radiographic evidence of vertebral or rib fractures. The patients underwent hemodialysis three times per week in 4-h sessions using hollow-fiber dialyzer and bicarbonate dialysate containing 3.0 mEq/L calcium. This study was approved by the ethics review committee of Shirasagi Hospital.
Assessment of vascular calcification of the hands
Roentgenography of both hands was conducted in each patient at a voltage of 45 kV. Apparent visible vascular calcification of the hand arteries distal to the wrist joints was evaluated by one of the authors who was blinded to the other patient data, as reported previously by ourselves ( Figure 1 ) [10, 11] .
Measurement of serum parameters and biochemical parameters of bone metabolism
Blood was drawn from each patient, just before the start of the dialysis session in a non- [22] . Serum intact PTH was measured once, at the time of roentgenography. The serum samples were stored in aliquots at −20°C until subsequent assay of bone metabolism markers, with measurements made immediately after thawing. The serum biochemical parameters for bone metabolism were determined, as described previously [22] [23] [24] [25] . All serum bone markers were measured in the same assay run, in order to avoid inter-assay variance. As markers of bone formation, serum BAP, N-Terminal propeptide of type I collagen (P1NP), and intact osteocalcin (OC) were measured. Serum BAP was measured, using an enzyme monoclonal antibody used immunoassay kit (Alkphase-B; Metra Biosystem, Mountain View, CA, USA), as reported previously [22, 26, 27] . Intra-assay and inter-assay CVs were 2.2% and 3.1%, respectively [22] . Serum P1NP was measured using a competitive radioimmunoassay kit (Orion Diagnostica, Oulunsalo, Finland) [25] . Intra-assay and inter-assay precision values were 2.3% to 3.5% and 2.5% to 5.2%, respectively [25] . Serum OC was assayed using a two-site immunoradiometric assay kit (Mitsubishi Kagaku Bioclinical Laboratories, Tokyo, Japan) that detects only the intact form of OC, and the intra-assay and inter-assay CVs for OC were 6.3% and 4.0%, respectively [24] . As serum bone resorption markers, serum cross-linked N-telopeptide of type I collagen (NTX) and C-terminal telopeptide of type I collagen (CTX) were measured. Serum NTX was measured by ELISA (Osteomark NTX serum; Ostex International, Seattle, WA, USA), with an intra-assay CV of 4.6%, as reported previously [22, 23] . Serum CTX was determined by means of the Elecsys β-CrossLaps/serum assay (Roche Diagnostics, Mannheim, Germany), which is a sandwich immunoassay with two monoclonal antibodies specific for the β-isomerized 8-amino acid sequence of the C-terminal telopeptide of type I collagen [24] . Intra-assay and inter-assay CVs for serum CTX were 2.6% and 4.1%, respectively [24] .
Statistical methods
Data are expressed as the mean ± SD or the median with 25% -75% levels. Mann-Whitney U test was used to compare the serum levels of bone metabolism markers in patients with and without vascular calcification. Logistic regression analysis was performed to examine the association of factors with vascular calcification of the hand arteries. Multivariate logistic analysis was performed to examine the combined influence of the factors associated with vascular calcification of the hand arteries, and to examine the association of BAP with vascular calcification of the hand arteries independent of the other bone markers. Normality of the bone marker variables was assessed to enter multivariate logistic analyses, and intact PTH, BAP, intact OC, P1NP, CTX and NTX were log-transformed to obtain a normal distribution, as the distribution was skewed [22] [23] [24] [25] . All calculations were performed on a Windows personal computer using StatView V statistics software (SAS Institute Inc, Cary, NC, USA). Table 1 presents the clinical characteristics of the patients according to the presence and absence of vascular calcification of the hand arteries. The hemodialysis duration of those with vascular calcification was significantly longer than those without vascular calcification (p < 0.05). Compared with non-diabetic patients, vascular calcification was more frequently observed in diabetic patients (p<0.0001). Intact PTH was significantly lower in patients with vascular calcification than in those without (p<0.01). There was no significant difference in the prevalence of vitamin D use between those patients with and without vascular calcification.
Results
Clinical characteristics of the patients according to the presence or absence of vascular calcification
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Relation of BAP and other bone metabolism markers with vascular calcification of the hand arteries
The relationships between log [BAP] and other bone markers were examined after logarithmic transformation. There were strong correlations between log [BAP] and the other bone markers (Figure 2) . Serum levels of BAP, OC, P1NP, NTX and CTX were examined in relation to vascular calcification of the hand arteries. As shown in Figure 3 , serum BAP was significantly elevated in patients with vascular calcification of the hand arteries compared with those without (p<0.05). However, no significant differences were observed in the serum levels of other bone formation markers of P1NP and intact OC or bone resorption markers of NTX and CTX between those with and without vascular calcification.
Factors associated with vascular calcification
Factors associated with vascular calcification were examined in multivariate logistic regression analyses (Table 2) . In Model 1, where BAP was included out of 6 bone markers, significant factors associated with vascular calcification were longer duration of hemodialysis Fig. 3 . Serum levels of markers of bone formation markers and bone resorption markers in patients with (VC(+)) and without vascular calcification (VC(-)). Bone specific alkaline phosphatase (BAP) was significantly higher in those with VC(+) than in those without VC(-) (p<0.05). However, no significant differences were observed in serum levels of other bone formation markers of N-Terminal propeptide of Type I collagen (P1NP) and intact osteocalcin (OC) or bone resorption markers of cross-linked N-telopeptide of type I collagen (NTX) and C-terminal telopeptide of type I collagen (CTX) between those with and without vascular calcification. *; p<0.05. Multivariate logistic regression analyses were performed in order to explore the combined effect of factors associated with vascular calcification of the hand arteries. In this analysis, we focused on the association of BAP with vascular calcification, independent of each of the other bone markers. Through Models 2 to 5, log [BAP] was significantly and independently associated with vascular calcification after adjustment for age, duration of hemodialysis, log [intact PTH] and vitamin D user, in addition to each of other bone markers of OC, P1NP, CTX and NTX, respectively ( Table 2) .
Discussion
In the present study, we examined the presence of vascular calcification of the hand arteries in male patients on stable maintenance hemodialysis, utilizing a simple method of roentgenography of the hands. The vascular calcification in the present study was comprised primarily of medial arterial calcification [4, 11, 28] . The hemodialysis duration in patients with vascular calcification, compared to those without, was significantly longer, PTH was significantly lower. The prevalence of vascular calcification in diabetic patients was significantly higher. These results are consistent with previous studies by others [4, 29, 30] and us [10, 11] . We found that, of the bone formation and resorption markers, serum levels of BAP were solely and significantly higher in patients with vascular calcification compared with those without, although other bone formation and resorption markers were not significantly different between the two groups. Furthermore, we found that serum BAP was significantly and independently associated with the presence of vascular calcification after adjustment for several confounders.
In the present study, we measured 3 bone formation markers and 2 bone resorption markers. BAP was strongly, significantly, and positively correlated with bone formation markers of P1NP and osteocalcin, and with bone resorption markers of CTX and NTX. This showed that BAP is a very strong indicator of bone turnover status. However, only BAP was significantly higher in patients with vascular calcification, compared with those without. This result suggests that BAP may exhibit a distinct association with vascular calcification, compared with other bone formation and resorption markers. In multivariate analyses of the present study, BAP was significantly independently associated with the presence of vascular calcification after adjustment for the duration of hemodialysis, diabetes, and PTH. BAP was also shown to be significantly and independently associated with further adjustment of each of the other bone markers, none of which were significantly associated with the presence of vascular calcification. This result also indicated that BAP exhibited a distinct, independent association with vascular calcification, and that higher BAP not only represents a bone turnover, but also a significant factor associated with vascular calcification.
Recently, alkaline phosphatase has been reported to be associated with vascular calcification in uremic patients [18] . Shantouf et al., reported as significant association of serum alkaline phosphatase with coronary artery calcification in maintenance hemodialysis patients [30] . Lomashvili et al., reported that alkaline phosphatase activity and protein were significantly increased in aorta in uremic rats [19] . They further showed that increased alkaline phosphatase lead to hydrolysis and inactivation of inorganic pyrophosphate [28, 31] , which was a potent inhibitor of vascular calcification, in the aorta of uremic rats [19] . In their study, however, increased alkaline phosphatase was evaluated as a non-tissue specific alkaline phosphatase, not BAP. Concerning BAP, Iba et al., reported that serum BAP was significantly higher in osteoporosis patients with aortic calcification, compared with those without [26] . Osteoblast phenotypic transformation of vascular smooth muscle cells has been shown with aging, diabetes, hypercholesterolemia, hyperphosphatemia, mechanical abnormalities, and chronic renal insufficiency [4, 5, 13, 17, 32, 33] . Thus, it may be considered that, under uremic condition, vascular smooth muscle cells transformed into osteoblastic cells, which in turn produce BAP, possibly leading to hydrolysis of pyrophosphate To the best of our knowledge, there have been no papers examining the relationship between bone formation/resorption markers and vascular calcification, although there have been a few studies that have shown a relationship between bone biopsy findings and coronary artery calcification which is a mixture of intimal and medial arterial calcification [34, 35] . In these studies, low turnover status seen in bone biopsy was associated with coronary artery calcification, which is not medial artery calcification as was observed in the hand artery in our study. In the present study, we demonstrated that neither of the two bone formation nor the two resorption markers, except for BAP, were associated with medial arterial calcification of the hand artery. Our findings may indicate that there are no relationship between bone turnover markers and medial artery calcification. Our finding may also indicate a distinct function of BAP, not only as a marker of bone formation, but also as a marker of medial artery calcification. BAP may be a marker distinct from other bone formation and resorption markers, such as osteocalcin, PINP, CTX and NTX, in terms of a marker of medial arterial calcification.
There are some limitations to the present study. First, we assessed vascular calcification by plain hand roentgenography, which did not quantitatively assess vascular calcification and did not detect minute vascular calcification that would be invisible to the observer's detection. However, even though a simple method to detect vascular calcification in the present study was employed, factors associated with vascular calcification, such as diabetes, longer hemodialysis duration and lower PTH levels, were consistent with the previous studies [4, 10, 11, 30] , suggesting that our method may be feasible in the evaluation of factors associated with vascular calcification. Second, the number of patients may be somewhat small. Further investigations are needed to examine large numbers of patients with precise and quantitative, or longitudinal assessment of vascular calcification. Third, we did not measure the levels of serum pyrophosphate, an inhibitor of vascular calcification, in the present study. The potential relationship between serum pyrophosphate levels and BAP will be interesting to examine in future investigations.
Conclusion
We found a significant association of BAP, but not other bone markers of osteocalcin, P1NP, CTX or NTX, with the presence of vascular calcification of the hand arteries of male hemodialysis patients, independent of diabetes, the duration of hemodialysis, and PTH. Serum BAP, which is a marker of bone turnover, may represent a distinct parameter of medial arterial calcification.
